Variations of the metal chemical shifts <5( 51 V), <5( 55 Mn) and <S( 93 Nb) with the paramagnetic deshielding contribution to the overall shielding are discussed in terms of influences imposed by the ligand field splitting, the nephelauxetic effect and the covalency of the metal-to-ligand bond. Complexes under investigation are isoelectronic and/or iso-structural series [M(CO)6_nL"]<i (M = V, Nb: q = -1; M = Mn: q = + 1; n = 0-6), 7? 5 -C5H5M(CO)4-KLn (M = V, Nb; n = 0-4) and r? 5 -C5H5M(L / )2L (M = V, L' = NO; M = Mn, L' = CO). L is a monodentate or l/n oligodentate phosphine. <5 varies with the point symmetry of the complex, and with ligand parameters of primarily electronic or steric origin. Generally, for weak to medium ^-interaction, there is a decrease of shielding with decreasing yr-acceptor power of the ligand, increasing ligand bulkiness, increasing ring strains in chelate structures and increasing degree of substitution. For strong ^-interaction, the trends may be interconverted. PF3 is shown to be a slightly weaker 7r-acceptor than CO. Selected results on nuclear-spin spin coupling constants, 13 C and 31 P shielding are also presented.
Introduction and Theory
NMR data on various transition metals are now available [1] [2] [3] and have been correlated to molecular and to ligand parameters. For nuclei such as 51 V [4] , 55 Mn and 59 Co, there exists a large body of information concerning variations of the nuclear shielding w ith variations of the ligand properties in series of comparable complexes. Most of these studies are confined, however, to a phenomenological treatment of the data. A comprehensive analysis of transition metal NMR data of isostructural and/or isoelectronic complexes with identical ligand systems but different metal centres has not yet been undertaken. Investigations into this field should contribute to a better understanding of the various effects responsible for the observed shielding trends. Further, they might help to separate and quantify parameters describing the electronic interactions between the metal and its ligand periphery.
The basic expression for an interpretation of the shielding parameter is cr = (Tdia + Opara 
with oo the shielding constant for a given standard. In most of our samples, d is negative, and hence |(5| oc o. The diamagnetic term is governed by the core electrons and should therefore be considered practically constant for a given nucleus. The justification for this assumption is shown by the data compiled in Table I . crdia should increase with increasing diamagnetic increments of the ligand donor/acceptor function and thus, if o&ia were to induce a sizable effect, one should expect an increase of shielding in the series F < Cl < Br < I (VOE3 vn , [CO(NO)2EVH]2), 0 <S < Se(Co(E2VI)3), N < P < As < Sb < Bi ([V(C0)5EV]-,CpV(C0)3EV CpNb(CO)2E2 v ) and Si < Ge < Sn < Pb (Co(C0)4E I v, Mn(CO)sE IV ). In many cases, however, opposite trends are observed.
As a consequence, we have to assume that variations in d are dominated by the paramagnetic term. Evaluation of this term into a handy equation for the practising chemist is usually carried out on the basis of Ramsey's formula [13] and leads to cTpara = -const Zd Er 1 <0!L 2 |i><r" 3 >nd c(M)nd 2 (3) [1] (p. 57); c dppe = Ph2P(CH2)2PPh2, arphos = Ph2As(CH2)2PPh2, acac = acety lacetonate.
The summation is carried out over all electronic transitions between ground state, <0|, and excited states, |i>, which have the same transformation properties as the angular momentum operator, L, and thus can mix with the ground state (i.e. <0|L 2 |i> =t= 0). For complexes of low symmetry, for which all transitions become allowed, eq. (3) reduces to
For a detailed evaluation of the matrix elements of the integrals <0|L 2 ]i> in pseudo-octahedral complexes see, e.g., [14] , We will use the closure approximation (eq. (4)) throughout, i.e. we will not quantitatively deal with the shift anisotropics but, in general, restrict our discussion to the mean exitation energy term A E or to the main component of SzlE. rnd is the distance of the valence d-electrons from the nucleus, and c(M)nd is the LCAO coefficient of the metal d-orbitals participating in electronic transitions. The three quantities are correlated to molecular parameters in the following manner:
A E: ligand strength; local symmetry <r _3 >: nephelauxetic effect c(M): covalency of the metal-ligand bond. shielding decreases as the electronegativity of Z decreases, i.e. in the series PF3 > P(OMe)3 > PR3 (R = alkyl or aryl group). Since a decrease of electronegativity diminishes the yr-acceptor ability of PZ3 (while, at the same time, the cr-donor power increases), this ordering reflects the rr-acceptor power rather than the overall ligand strength of the phosphines. Herberhold [7] has extended the series ofCpV(NO)2L complexes to, inter alias, C, N and 0 ligands. The chemical shift values |(5( 51 V)| go down as far as 500 ppm (L = THF), and an ordering according to PZ3 > nitriles > amines > O-donors is observed, paralleling the increasing basicity of L.
Results and Discussion
Apparently, two factors have to be considered: On the one hand, increasing n-acceptor strength leads to an increase of A E (and hence to a decrease of apara and increase of |<5| and a), on the other hand, increasing donor power induces an increase of electron density on the metal atom and thus an increasing yr-delocalization into 71* orbitals located on CO or NO. This synergetic ir-effect should also give rise to an increase of the overall shielding due to increasing A E, decreasing c(M) and decreasing <r~3) (increasing nephelauxetic effect).
The dashed lines in Fig. 1 connect phosphines of like electronic conditions but differing steric requirement. A substantial decrease of shielding is observed for increasing cone angle of the phosphine independent of the type of complex. Bulky phosphines will give rise to diminished metal-phosphorus overlap, i.e. unfavourable bond angles and bond lengths. Consequently, metal-phosphorus interaction decreases and so does A E, while c(M) will come closer to unity. The two effects point into the same direction, and a decreases in the series PMe3 > PPr n 3 > PBu f 3 > PPr«3 > PBu'g.
For CpMn(CO)2PZ3 complexes, neither electronic nor steric effects upon the metal shielding are observed. All shift values <5( 55 Mn) fall within a small range of ca. 2200 ± 100 ppm, including the parent compound CpMn(CO)3 itself. As has been pointed out previously [16] , the large splitting of the Mn-3d set reduces the influence of A E, and influences via <r~3> become predominant. While the parameter A E is still of some importance in [Mn(CO)sPZ3] + (section (iv)), it is equilibrated in the cyclopentadienyl complexes, where the expansion of the metal-d cloud is dominated by the Cp~ ligand.
(ii) Complexes of CpV(CO)A and CpNbfCO)\ with chelate ring structures
As shown in Fi. 2, the same shielding patterns are observed for vanadium and niobium in CpM(CO)2LL complexes. LL is a bifunctional ligand, forming chelate 4-rings (Ph2PCH2PPli2: dppm), 5-rings (PI12PCH2CH2PPI12: dppe, Ph2PCH2CH2AsPh2), 6-rings (Ph2P(CH2)3PPh(CH2)3PPh2, Ph2P(CH2)3PPh2: dppp) or 7-rings (Ph2P(CH2)4PPh2: dppb, o-C6H4(CH2PPh2)a. Ph2P(CH2)sPPh2 forms a chelate 8-ring with CpNb(CO)4 [17] , but the reaction with CpV(CO)4 yields dinuclear, phosphine-bridged complexes [18] .
There is an increase of metal shielding in the series 4-ring < 6-ring < 5-ring, and a contrary trend in 31 P shielding. These opposing trends have also been observed for tungsten, molybdenum, palladium and platinum complexes of ditertiary phosphines (see literature cited in ref. [19] [17] and [19] is in error.
While the low metal shielding in 4-ring structures is consistent with enhanced ring strains (reduced metal-phosphorus overlap), the exceptional role of the 5-ring is unexpected and cannot easily be accounted for, except if one accepts that -among the metal-phosphorus heterocycles -the 5-ring is the least strained one. The chelate 7-rings exhibit a phosphorus coordination shift between that of the 5-ring and the 6-ring, but the metal shielding is even lower than in the 4-ring structures and cannot be explained by ring-strains and angle distortions. A purturbation of the metal-phosphorus overlap may, however, be imposed by a rapid conformational rearrangement of the 7-ring between chair-form (A and B in Fig. 3 ) and boat-form (C). For o-C6H4(CH2PPh2)2 with an unsaturated back-bone, there are no torsional strains in the ring system, and the chair-form (A) should be the more favourable conformation [20] .
For the systems with Ph2As(CH2)2PPh2, there is a deshielding contribution to d( 51 V) and <5( 93 Nb) with respect to the dppe complexes, which again represents an effect primarily electronic in nature: The weaker arsenic ligands produce a smaller ZlE than phosphines [6, 19] .
(Hi) The complexes CpV(CO)\_n(PZ-s)n (Z = Me, OMe, F)
Phosphine ligands with highly electronegative substituents on phosphorus can replace up to three (P(OMe)3) and four (PF3) CO groups in CpV(CO)4. Alkylphosphines, if sufficiently small (PMe3), may form disubstituted complexes. For disubstitution, the eis (main product) and trans isomers are observed. Fig. 4 is a graphical representation of the chemical shift values. Since the four ligands considered here (CO. PF3, P(OMe)3, PMe3) exhibit small cone angles, only electronic influences will be responsible for variations of the metal shielding. The trends can be summarized in the following way:
(a) In complexes of the same degree of substitution and the same local symmetry, shielding decreases in the order PF3 > P(OMe)3 > PMe3, reflecting a decrease of rr-acceptor power (decrease of zlE in eq. (3)). Coupling constants (cf. appendix) show a parallel ordering, which has been explained by synergetic enhancement of the <x(s) contribution to the Fermi contact term and by increased valence s-electron densities at the coupling nuclei [21] .
(b) In the P(OMe)3 and PMe3 series, shielding decreases with increasing degree of substitution. PF3 complexes show a slight increase and finally a decrease (CpV(PF3)4) of shielding.
(c) For complexes of like degree of substitution but different local symmetry (eis and trans isomers), the complexes of higher symmetry exhibit the smaller shielding. Coupling constants for the trans isomer are larger by a factor of 1.3 to 1.4 (PMe3 and P(OMe)3) than those of the eis isomer, while there is no substantial difference for the coupling in mono-and eis-disubstituted complexes and in all the PF3 derivatives.
A semi-quantitative discussion of these trends is difficult, since the local symmetry is low throughout (in fact, most of the complexes have Cs symmetry), and interactions involving the Cp-ligand have to be taken into account. An approach is given in ref. [22] , The situation encountered with CpV(CO)4 and CpV(PF3)4 will be discussed in section (v) in connection with similar observations made for octahedral complexes. 
(iv) The pseudo-octahedral complexes [M(CO),_nLn
Here, the conditions are much more well-arranged than in the cyclopentadienyl compounds.
Shielding in pseudo-octahedral complexes of the type [V(CO)6_"(PZ3)n]-[n = 1 and 2) has been subject to several previous reports [4, 6, 22] . The trends observed are very much the same as in CpV(CO)4 derivatives, i.e. shielding increases with increasing electronegativity of the substituents Z on phosphorus. Steric effects are less pronounced than in the more crowded CpV(CO)3PZ3 complexes of tetragonal-pyramidal geometry.
In chapter (i) we have stated that the ligand field splitting AE is the main factor influencing metal shielding, and that the main influence upon zlE is via ^-interaction. These assumptions are in good agreement with MO calculations of the SCCC type, carried out on selected complexes (Table II) : While CO and CO/PF3 complexes have approximately the same A E (and the same nuclear shielding), AE and |<5| decrease if one CO is replaced for PH3. As shown by the ^-population of the ligand acceptor and n* (CO) orbitals, PH3 is by far the less effective ^-acceptor (and similar results are to be expected for small alkylphosphines such as PMe3). The ligand a-populations are not subject to drastic variations, although it clearly shows that PH3 is a better a-donor than PF3. The cyano complexes, though somewhat different due to the (additional) negative charge, are included for comparison. have a higher metal shielding than the disubstituted species (for the PPh3 complexes see below); in pseudo-octahedral vanadium complexes, shielding for trisubstitution is smaller than for monosubstitution, but it may decrease or increase as going from di-to trisubstituted products (ligands containing the PPh2 group), depending on the nature of the phosphine [23] .
has a higher 51 V shielding than the meridional isomer. On the other hand, a very low 55 Mn shieldingthe lowest manganese shielding observed to this date -is encountered with /ac-[Mn(CO)3(MeCN)3] + . Fig. 6 shows qualitative one-electron schemes for pseudo-octahedral complexes, which we will employ -along with other criteria -to analyse our results. The correlation schemes are drawn for weak to medium ^-interaction (A), where (under C4v symmetry) the b2 level is energetically more stable than the degenerate e level [24] , and for strong ^-interaction (B; b2 less stable than e). One should keep in mind that the metal-d system for Mn +1 is stabilized relative to V~x, and hence interaction between the yr-type orbitals of the metal-d system and the ^-accepting orbitals of the ligands is less pronounced in the manganese complexes. This is shown, e.g. by the respective n* populations in the hexacarbonyls (V-1 : 0.24, Mn +1 : 0.06 [25] ). Further, the overall splitting in Mn complexes is greater than in V complexes [25] . The transitions contributing to the Opara term are listed below (Table III) for the various local symmetries; in Fig. 6 , only the main component (i.e. the smallest, symmetryallowed and orbital-allowed A E) is indicated by an arrow.
We shall assume strong interaction with L = PF3, and weak or medium rc-interaction with ligands such as PMe3, while P(OR)3 will be in an intermediate position. 
The qualitative nature of the schemes (configurational mixing is neglected as well as participation of metal-p orbitals, except that the Laporte rule is assumed not to hold strictly) does not allow for a consistent explanation of all of the observed shielding data. But several of the trends that show in (b) Phenylphosphines are usually considered strong 71-acceptors on the ground of their large CO stretching force constants in carbonylphenylphosphine complexes. We have argued [6] , however, that this may be due to inter-ligand electron transfer rather than to strong direct metal-phosphorus ^-interaction. The similar shielding conditions encountered with the mono-and disubstituted complexes containing phenylphosphines or PMe3 seem to support the idea of PPI13 being a moderately ^-interacting ligand. Also, the higher shielding of The situation is quite nebulous and far from being well understood; here, we are restricted to a phenomenological treatment. The extreme position of the PPh3 complex (which is also reflected in the uncommonly low CO stretching frequencies; see Table V in the experimental section) demands a different ligand arrangement than in the two other complexes, and we assume a facial arrangement of the three CO groups (C2V symmetry) as in [Mn(CO)3(MeCN)3]+, although a composition [Mn(CO)2(MeCN)2(PPh3)2] + (with the CO groups in cisoid positions) cannot be ruled out. In the PMe3 and dppe complexes, the CO groups are then supposed to occupy meridional positions with the phosphorus functions eis (dppe; Cs) or trans (PMe3; C2v).
(c) P(OMe)3 will interact strongly with the d.-z set of vanadium (schemes B) because the interacting orbitals are energetically sufficiently close to each other. Hence a comparatively large zlE and |<5| and only minor differences in the series [V(CO)a.»{(OMe)2P-}n]-for n= 1 to 3. jr-interaction between P(OR)3 and the manganese d" set is less pronounced: scheme A applies and shielding differences between [Mn(C0)5P(0Me)3]+ and [Mn(CO)5PMe3]+, produced by ZlE, should be relatively small. For the two complexes, the overall splitting should be such that influences imparted directly (via A E) by the strength of the ligand field will be overridden by effects arising from the factor <r _3 >3d. Weak ligands (PMe3) increase the 7r-delocalization into n* (CO) orbitals, decreasing <r~3> (and increasing |<5|), while stronger ligands 
(v) The complexes CpML4 and [ML&]-\ M = V, Nb-,L = CO, PF3
A comparison of vanadium and niobium complexes of alike point symmetry containing CO or PF3 exclusively is of some interest in the light of the continuing discussion about the relative acceptor strengths of the respective ligands. A collection of selected data, which have been employed to approach this problem, is given in Table IVa . Our NMR parameters are collected in Table IVb. Most of the IR and PE results have been interpreted in terms of stronger M-PF3 than M-CO ^-interaction, but a recent analysis of the PE spectra of M(CO)5PZ3 complexes (M Cr, Mo, W; Z = Me, OMe, F and other) [24] leads to a contrary conclusion which is in accord with thermodynamic investigations [30] and also agrees with our findings based on NMR data: The lower metal shielding for the pei substituted PF3 complexes (excluding CpNbL4) is strongly in favour of a lower ligand field splitting and hence lower ^-interaction with respect to that of the CO complexes. A simultaneous increase of the covalency (increase of c(M)) points into the same direction. If there were sizable effects imparted by <r~3>, they should produce an opposite trend, and this may account for the exceptional role of CpNb(CO)4/CpNb(PF3)4.
The diminished M-PF3 rr-interaction is more pronounced in the niobium than in the vanadium complexes of Oh symmetry, which can be due to the greater basicity and a diminished overall jr-donating capacity of the nucleus of higher nuclear charge [43] , a fact which is e.g. reflected in the consistently higher coupling constants (Table IVb) for the niobium complexes (increase of the s-density at the nucleus [22, 34] ).
The observability of a well resolved 13 C resonance for the CO groups in CpNb(CO)4 (ten equidistant lines of approximately the same intensity) may account for trigonal rather than tetragonal geometry (in CpV(C0)4, the tetragonal-pyramidal arrangement of the {V(C0)4} moiety was established by X-ray analysis [38] ). For local C3V symmetry, the field gradient -according to the point charge model [39, 40] a PE = photo electron, MS = mass spectroscopic, IR = infra red study; b data for the vanadium complexes are from ref. [22] and from this work. [35] , other data this work; b <5(5iV) rel. VOCl3, (5( 93 Nb) rel. NbOCl3; c <5( 3 *P) rel. H3P04, <5(i 3 C) rel. TMS; d reduced coupling K • h/4 71 2 = J/yjiyE, where yji and y-E are the magnetogyric ratios of the metal (V, Nb) and the ligand donor atom (P, C), respectively; e these data fit well into the general scheme for transition metal carbonyls [36] ; f plateau-shaped signal of the same general pattern as the X H resonance in TpV(CO)3 [37] .
of CpV(CO)4 exhibits second order perturbation and hence strong quadrupole interaction as expected for Ü4v symmetry [41] . The assumption of trigonal geometry contradicts, however, theoretical considerations carried out by Hoffmann [42] . In CpNb(PF3)4, there is no resolved coupling in the 31 P NMR spectrum; this complex apparently again has tetragonal geometry. Different local symmetries of the moieties {Nb(CO)4} and {Nb(PF3)4} may also induce the unusual shielding conditions in these complexes.
A further interesting feature is the shielding difference between [VLe]~ and [NbLö] -(280 ppm for L = CO and 320 ppm for L = PF3). Since the standards are V0C13 and NbOCl3, respectively, diamagnetic influences should cancel out, and the cTpara term in eqs (3) and (4) 
Experimental

Preparation of complexes
All operations, including the preparation of samples for the NMR measurements, were carried out under inert gas atmosphere and in dried, oxygenfree solvents. Most of the substitution reactions were carried out by UV irradiation. The following irradiation apparati were employed: (I) DEMA13/21 (Mangels, Bonn) fitted with a filter plate to allow passage of N2 through the reaction mixture, capacity ca. 100 ml [23] ; (II) falling film photo-reactor DEMA 13/61, fitted with a rotary pump DEMA 13/81 and a gas inlet tube, capacity ca. 300 ml; (III) 15 mm diameter quartz tube with gas inlet, capacity 5-10 ml [22] ; (IV) 25 mm diameter Duran vessel with gas inlet, 20-50 ml capacity [17] . A high pressure mercury lamp (Philips HPK 125, Mangels), placed into a quartz immersion well, was used throughout.
Starting materials were purchased (CpV(CO)4, CpMn(CO)3, [Na [59] , {Ph2P(CH2)3}2PPh [60] ).
The complexes were prepared according to published methods or as described below (see appendix for numbering):
CpV(COderivatives 4-12: [49] ; 13, 14: [22] 3,15-17:787 mg CpV(CO)4 (3.45 mmol) and 0.25 ml P(OMe)3 (1.91 mmol), dissolved in 100 ml THF, were irradiated for 15 min (irradiation apparatus I). The solvent was evaporated, and excess CpV(CO)4 was removed by sublimation (80 °C, 0.1 Torr). The residue was dissolved in 8 ml THF, filtered, evaporated to dryness, redissolved in 5 ml toluene and treated with 150 ml w-heptane. A brown, pyrophoric powder (which was not identified) precipitated immediately and was filtered off. During standing at -20 °C for one week, a red viscous oil containing 3 and a small amount of 15 separated from the filtrate.
45 min irradiation of a 1:2 mixture of CpV(CO)4 and P(OMe)3 yielded a dark, orange solution of 15 plus 17. The solution was processed as described above. On standing for three days at -20 °C, a first fraction, consisting of orange-coloured transparent crystals (15) and lilac, ductile plates (17), was isolated. The two components were separated manually. The mother liquor was concentrated to 50 ml and allowed to stand for one week at -20 °C; pure 15 was thus obtained. 2, 18-21 (see also ref. [22] ): A mixture of all five complexes is obtained by irradiation of 1.0 g CpV(C0)4, using the falling film photo-reactor (II) and passing a PF3/N2 stream through the solution. Irradiation time is 3 h. The solution, which turns green by formation of small amounts of Cp2V2(CO)s [50] , was concentrated to 10 ml, transferred to a sublimation apparatus, and evaporated to dryness. The viscous residue was heated in vacuo (0.1 Torr, 80 °C) to yield 1.2 g of sublimate (yellow to orangered, crystalline plates; 78% yield calcd. for CpV(CO)2(PF3)2), consisting of 12.5% 2, 65% 18. 4% 19, 17% 20 and 1.5% 21. IR data: 2 (1995cm-1 ; only this mode (Ai) can be assigned unambiguously). 18 (1961, 1890 cm-1 ). 22-24, 26: [51] 25: 0.738 g CpV(CO)4 (3.24 mmol) and 1.82 g {Ph2P(CH2)3}2PPh (3.24 mmol), dissolved in 50 ml THF were irradiated (IV) for 2 h. 100 ml w-heptane were added, and the mixture was concentrated to 80 ml. After stirring for 1 h, the complex was isolated as a micro-crystalline, red-brown powder. Yield after drying in vacuo 1.67 g (65%). J^(CO) = 1845 and 1768 cm-1 ; <5( 31 P) = +68 and +50 ppm, uncoordinated PPh2: -20.6 ppm.
27: 440 mg CpV(CO)4 (1.93 mmol) and 945 mg o-C6H4(CH2PPh2)2 (2.0 mmol) were dissolved in 25 ml THF and irradiated (IV) for 1 h at an average temperature of 45 °C. A weak N2 stream was bubbled through the solution to remove CO and to agitate the mixture. During concentration to 10 ml, the product partly precipitated, and the precipitation was completed by addition of 10 ml w-heptane. The red compound was filtered off after 20 were treated with 897 mg [Co(NO)2Br]2 (2.26 mmol) and irradiated for 80 min (IV). The solvent and 0o(CO)3NO were removed in vacuo, the residue was redissolved in 10 ml THF and stirred with 80 ml w-heptane. After standing for 1 day at -20 °C, a dark brown powder had separated out, which was filtered off. The filtrate, containing 29, was concentrated to ca. 5 ml, and spectroscopic investigations were carried out with this solution. The complex could not be isolated in substance without partial decomposition. r(NO) = 1685 and 1578 cm -1 . The procedure given here is more advantageous than the displacement reaction described in ref. [8] , which yields only small amounts of 29 (the <5( 51 V) value indicated in ref. [8] is in error). Small amounts of decomposition product were filtered off, the filtrate was concentrated to 5 ml and treated with 50 ml w-heptane to yield a dark-red, sticky oil with 42 as the main product (j>(C0) = 1910, 1791,1780,1720 cm-1 ).
51-58: These complexes were prepared as described for 51-53 and 58 in ref. [22] , using the irradiation apparatus III, and adjusting irradiation times to an optimum yield of the desired product (the reactions were monitored by 51 
[Nb (CO) &/-derivatives
61-65: [17] 67, 68: 300 mg [Et4N][Nb(CO)6], dissolved in 10 ml THF, were irradiated (III; 20 min), while PF3 was bubbled through the solution. The solution, containing 67 as the main component, was concentrated to 2 ml and the spectroscopic investigations were carried out with this sample. 68 was prepared by irradiation of 450 mg [Et4N][Nb(CO)6] in 100 ml THF (I; 30 min) and passage of PF3. The light-yellow solution was investigated after concentration to 2 ml.
CpMn(CO)z derivatives
70-75: [49] [Mn ( CO )ej + derivatives 79, 81, 85: [16] ; 86: [53] ; 94: [54] 77, 78, 80, 82-84, 87-93: Three methods (A, B and C) were employed to prepare these complexes. The IR data are listed in Table V. A: Treatment of ca. 1 g Mn2(CO)8(PZ3)2, dissolved in CH2C12, with excess NOPF6 [52] . The neutral complexes were prepaied by UV irradiation (I) of equimolar amounts of Mn2(CO)io and PZ3. <5( 55 Mn) of the neutral compounds: PZ3 = PPh3 (-2410), P(OPr*)3 (-2380), PPh2Me (-2370), P(OMe)3 (-2380 ppm).
B: Treatment of Mn2(CO)8(PZ3)2withNOBF4 [53] . 13 C measurements the solutions were ca. 0.5 M, and Cr(acac)3 was added. 
MO calculations
SCCC-MO calculations were carried out as described in ref. [22] . For overlap calculations of PH3 and PF3, C3v symmetry was assumed. Coefficients (double zetas) were taken from dementi's tables [55] and from Richardson (3d; the values for the vanadium-3d orbitals were also employed forphosphorus-3d) [56] , Coulomb integrals from Bäsch, Viste and Gray [57] (H, F, P-3s, P-3p) and Cusachs (P-3d: HÜ = 4.7 eV) [58] , HOMO and LUMO for these two ligands are as follows: PH3 (ai = 13.72, e = 3.26), PF3 (ai = 15.52, e = 8.64 eV).
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